Basal Area Factor in Variable Radius Sampling Effects on Stand Level Measurements by Scott, Carlton
The University of Maine 
DigitalCommons@UMaine 
Honors College 
Spring 5-2020 
Basal Area Factor in Variable Radius Sampling Effects on Stand 
Level Measurements 
Carlton Scott 
Follow this and additional works at: https://digitalcommons.library.umaine.edu/honors 
 Part of the Forest Management Commons 
This Honors Thesis is brought to you for free and open access by DigitalCommons@UMaine. It has been accepted 
for inclusion in Honors College by an authorized administrator of DigitalCommons@UMaine. For more information, 
please contact um.library.technical.services@maine.edu. 
BASAL AREA FACTOR IN VARIABLE RADIUS SAMPLING EFFECTS ON 
STAND LEVEL MEASUREMENTS 
by 
Carlton Scott 
 
 
A Thesis Submitted in Partial Fulfillment 
 of the Requirements for a Degree with Honors  
(Forestry) 
 
 
 
The Honors College  
University of Maine 
May 2020 
 
 
 
Advisory Committee: 
Aaron Weiskittel, Professor of Forest Biometrics and Modeling, Advisor 
Saul Allen, Assistant Director of Research Development and Preceptor in the  
Honors College 
Pascal Berrill, Asscoiate Professor of Silviculture 
Keith Kanoti, Manager of the University Forests 
Anil Raj Kizha, Assistant Professor of Forest Operations 
ABSTRACT 
 The purpose of this thesis is to explore the basal area factor (BAF) of a variable 
radius plot and its effects stand level measurements. This type of forest inventory is used 
widely across Maine. These inventory methods can have effects on how a forest is 
portrayed numerically, which in turn effects the management prescriptions and decisions. 
The objective of this study was to compare the tradeoffs between inventories using a 10, 
20, and 30 BAF prism and examine how these different methods effect different parts of 
an inventory. This includes analyzing how the inventory may vary in terms of volume, 
basal area, trees per acre, and species representation. Additionally, the efficiency and 
standard error differences between BAFs was analyzed. Future projections made using 
FVSonline were also compared. Data collection was done on Nickerson Tree Farm in 
Greenville, Maine.  Between the 3 BAFs used as well as the stand types, a two-way 
Analysis of Variance (ANOVA) test was ran to test of statistical significance using a .95 
confidence interval. This ANOVA suggested no statistical significance for any of the 
variables, except stand type and trees per acre. There were also measurable tradeoffs 
between the different BAFs that were used, which suggests practical significance outside 
where the ANOVA was applied. This includes the fact that smaller BAFs tend to favor 
smaller standard error across all measurements, as well as more diverse species 
distribution. Additionally, there are many different benefits to larger BAFs, including 
speed and getting a quick look at low quality stands that are not favorable for 
management.   
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CHAPTER I 
INTRODUCTION 
Forest sampling or inventory is the method by which a forest is measured to 
determine a variety of factors, both qualitative and quantitative, including but not limited 
to tree diameters (measured at breast height), standing volume of wood, tree species, and 
tree merchantability. The sampling methods of a forest can vary in terms of 
time/efficiency, standard error, species richness captured, and other specific 
measurements. A forest inventory is designed to create a snapshot or model of what a 
forest should look like, within an allowable degree of error or desired precision. Seldom, 
can a forest have a full census where every stem is measured, and thus, each forest is 
sampled to inform a variety of management decisions, choices, and prescriptions. These 
decisions will affect the forest’s ecology as well as the livelihood of those who harvest 
and manage it for generations. When managing a forest, an inventory often serves as the 
baseline of a proper and efficient management plan.  
While there are a variety of different sampling methods that are common practice 
to use, one of the most common and efficient methods of sampling is known as variable 
radius sampling or horizontal point sampling. This is done by first selecting fixed points 
throughout a forest or stand (a group of trees that are uniform in age-class, species, 
distribution enough that it can be differentiated from neighboring groups). Plot placement 
can be done randomly, with the use of a grid, or another variety of sampling, such as 
stratified random sampling. At each plot, individual tree measurements occur. 
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The purpose of variable radius sampling is meant to select trees in a forest based 
on basal area (the cross-sectional area of a tree at breast height). This concept is known as 
variable probability, and in this case, the samples being selected are being selected 
proportional to size, more specifically, diameter at breast height (DBH; 4.5 ft from the 
ground in North America). This means that the “sample area of a tree varies as a function 
of tree cross-sectional area (Husch p. 273)”.  Essentially, a tree will be sampled if it is 
only either large enough or close enough to plot center. The larger a tree is, the farther it 
can be from plot center and still be counted. The reverse of this is also true. This factors 
into choosing a proper basal area factor (BAF) for each forest inventory, as a higher BAF 
will capture less trees at each plot, and thus will likely require more plots to decrease the 
standard error. This is because each tree tallied represents a value of basal area equal to 
the BAF used. In theory, regardless of the equipment used and BAF selected, the per acre 
measurements (plot or stand), should be relatively similar.  
The equations and formulas used for the different BAFs of the equipment should 
adjust for its size. While using a 30 BAF prism, each tree tallied as in represent a value of 
basal area value of 30 ft2/acre. When using a 10 factor prism, more trees will be counted, 
however, each represents 10 ft2/acre. This is the basic principle behind variable radius 
plots and explains the differences of using different BAFs (Husch pp. 272-274).  
However, problems also arise with other measurements and factors. An example of one 
of these issues is a stand with small number of larger trees. Using a large BAF, such as a 
30, will reduce the likelihood of capturing those trees during their inventory. In order to 
increase the probability of “capturing” those larger trees in the sample, one could add 
more sample points, or decrease the size of the BAF to 10.  
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In creating a forest inventory method, certain sacrifices must be made. Different 
plans will show and project different results and required number of measurements. It is 
common practice for foresters in Maine to use a 10 BAF prism because it is what they are 
most familiar with as well as the common number of stands with smaller diameter trees. 
However, when a specific BAF is chosen without considering the site conditions, a 
forester is prone to over-sampling and poor efficiency. This is because over-sampling 
leads to more time spent collecting data than is necessary for creating a land management 
plan. This is reflected in the United State Forest Service recommendation that there 
should be 4-8 tally trees in each plot. While in some instances over sampling can be 
beneficial, such as research purposes, educational purposes, or if the landowner has a 
special request, most professionals will favor maximizing efficiency to prevent costs 
from accumulating.  
 In terms of other studies comparing the use of different BAF sizes, very few 
studies have been done in the northeast A study which was done in the Northern 
California evaluated the impact of sample plot sizes and types.  This included Circular 
fixed-radius plots, variable-radius plots, and fixed-width transect plot types. “Redwood-
dominated stands were sampled on Jackson Demonstration State Forest”. This was done 
to determine a variety of factors, including basal area and volume measurements. The 
results of this study’s results showed that precision varied more based on spatial 
distribution of plots rather than plot type. Regarding variable radius plots, they showed 
poor precision for density, average diameter, and average height estimates but higher 
precision for basal area, volume, and leaf area index (Berrill and O’Hara 2012).  
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 Another study done in Canada evaluated the effectiveness of “big BAF methods”. 
This is an inventory method in which two prisms are stacked on top of each other, to 
create a large BAF prism. Furthermore, trees that are counted “in” are measured, rather 
than just tallying the “in” trees. This study concluded that using a “big BAF” to measure 
trees is favorable, compared to measuring trees at every fourth or fifth plot, as this 
provides better “geographic distribution of trees, statistically efficient sampling, and easy 
auditing” (Marshall, Iles, and Bell 2004). 
 In terms of comparing different BAF sizes, there is a study done called which 
tested plot size and basal area factor in the Missouri Ozarks. This study had the mean tree 
number, basal area, and biomass per acre as statistically invariant with the BAF, 
however, sawtimber volume was not included. The results all were determined to be 
within 5% of the populations true value. This study used an ANOVA for each of the 
projections it was measuring. The study concluded that the threshold in which either plot 
or BAF size effects the accuracy of inventory parameters is dependent on the structure of 
the forest being inventoried (Becker and Nichols 2011).   
 Another paper looked at efficiency and inventory estimates against variable radius 
plots, fixed area, and horizontal line sampling. This study was done across 16 partially 
harvested stands in central and northern Maine. A major conclusion of this study was that 
the spatial patters as well as diameter distribution of a forest stand have a heavy influence 
on the efficiency of sampling. This means that when one is designing a forest inventory, 
it is important to consider the structural complexity and diversity of a stand in addition to 
the desired precision and efficiency of a sample being taken (Rice, Weiskittel, and  
Wagner 2014) 
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 Building on these previous studies, the objectives of this thesis is to test the 
significance, efficiency (accuracy divided by time in this case), and differences between 
the use of a 10, 20, and 30 BAF prisms. The goal will be to test the significance between 
the measurements of each of the prisms, look at potential tradeoffs, and determine 
possible implications. It is expected that the smaller BAF samples will likely have 
smaller percent standard error than the larger ones. It is also expected that there will 
likely be some measurable difference between how BAF effects larger projects, such as 
volume and other factors. Additionally, it is expected that the smaller BAFs will include 
more species in a forest inventory. Furthermore, it is anticipated that the time investment 
for the smaller BAFs will be greater. This study will analyze these hypotheses and the 
data collected.  
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CHAPTER II 
METHODS 
The study site was Nickerson Tree Farm located in Greenville, ME.  Three forest 
inventories were conducted in the same stand using three different BAF wedge prisms. 
These prims were a 10, 20, and BAF prisms. The initial data collection for this site was 
done for the purposes of collecting inventory and prescribing a management plan. For 
this survey, a 20 BAF prism was used to collect the inventory and 80 BAF was used to 
determine height trees. Using these survey plots, data was collected on top of the initial 
inventory. There were 6 stands present on the property, however, only 5 were used in this 
experiment. The stands are listed below.  
Stand A: White Pine, Softwood (pinus strobus) 
Stand B: Ledge Soils, Mixed Wood (picea, acer, abies)  
Stand C: Old Budworm Kill, Mixed Wood (picea, abies, acer, betula) 
Stand D: Wetter Soils, Mixed Wood (picea, acer, abies) 
Stand E: Forested Wetland, Mixed Wood (abies, betula) 
Stands A, B, and C are all Monson -Elliotsville-Knob-Lock Complex, with 8 to 
30 percent slops and were very rocky. The site index for these stands is 40 for red spruce 
(Picea rubens). For stand D and E, the solid is Telos-Monarda-Monson association, with 
0 to 8 percent slopes and was rocky. This soil has a site index of 44 for red spruce. This 
information was gathered using the USDA soil survey.  
From each plot, a 20 BAF prism was used in the initial survey. Subsequently, 
each plot was flagged and inventoried using the 10 and 30 BAF, with each tree measured 
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for DBH. No additional heights were taken for the 10 and 30 BAF surveys. All borderline 
tree was measured to determine the critical distance. All living trees were measured, 
regardless of merchantability. The minimum DBH that was used was the 5” for 
hardwoods and 4.5” for softwoods. For measuring DBH, a steel logger’s tape was used. 
The total tree heights were measured with a Suunto Clinometer with a 100 feet distance 
from the base of the tree.  
For observing the time taken to conduct the inventory, a stopwatch was used 
while two team members (a measurer and a notetaker) recorded the data. In order to time 
the collection of this data, the stopwatch started once the BAF for the first inventory was 
determined. The BAF was selected at random to try and minimize the bias of retaking 
tree DBHs. To ensure randomness, the three prisms where placed in a bag, when at plot 
center, the prism was randomly retrieved from the bag and used. Once the prism was held 
over plot center, the timer was started. The timer was stopped once the measurer and 
notetaker had measured all the in trees and the measurer returned to plot center to verify 
there were no more in trees present. Time to move between plots was not measured. The 
plots that were measured were all done on stand C. 20 BAF was reused to measure these 
forest areas in order to ensure that all times were recorded in the same conditions. A 
biltmore stick was used over plot center to keep prisms centered, as well as to measure 
the depth of the snow in order to ensure DBH was being measured accurately at 4.5 feet 
from the ground.  
The following stand parameters were calculated: basal area per acre, total volume, 
volume to basal area ration (VBAR), trees per acre (TPA), and species area per acre. 
Once the data was compiled, it was tested for statistical significance. This was done using 
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a two-way ANOVA test with stand type and BAF as variables with the measurements 
from Basal area, Volume, and Trees per Acre. The confidence internal was .95. The 
mathematical formulas for calculating basal area and trees per acre can be seen in more 
detail in the Appendix. For calculating volume, Wykoff coefficients were used and 
adjusted based on tree heights taken from the inventory. For volume, Honor volume 
coefficients were used. To get the per acre values of each stand, the plot values of basal 
area, volume, and trees were averaged between plots. A species area curve was also 
made. This counted each new species from the first plot to the last plot and added a plot 
point to a graph each time a new species was counted. This was then fitted using a 
logarithmic equation for the points. Using FVS online, the different BAFs of each stand 
were entered and treated as different stands and measured out to 100 years with no 
management. FVS online is an online program which predicts future growth projection of 
forest stands using factors such as site index, species, and special distribution. The 
efficiency was also determined using the measurements from the timed plots. This was 
done by calculating the accuracy or 100 minus the standard error percentage of stand 3’s 
basal area. Following this, the accuracy was divided by the average time per plot, giving 
efficiency.  
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CHAPTER III 
RESULTS 
The results showed statistical significance across the examined stands, but not the 
BAF used when comparing the basal area per acre of a plot using a two-way ANOVA 
with a .95 confidence interval. This also occurred when running ANOVA for volume. 
Trees per acre showed non-significance. This is what should be expected, as the way 
variable radius plots are designed, the measurement for a basal area on a plot should be 
similar regardless of BAF used. In this case, there did not seem to be an observable trend 
for how the BAF effected the stand level measurements. For stands A, B, and C, the 10 
BAF shows the lowest basal area per acre, with 20 as the next highest, and 30 as the 
highest (Figure 1). This does continue, however, as stand D has 20 with the highest basal 
area, with 10 being the next highest and 30 being the lowest. This repeats in stand 6, 
however, there is no difference between 10 and 20 BAF.  
This trend was repeated for measurements for volume. The ratios for volume 
when compared to those of stand volume per acre (Figure 2). Again, while there seems to 
be a trend for stands 2, 3, and 4, this trend is not present in stands 4 and 6.  
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Figure 1. STAND BASAL AREA PER ACRE. This graph shows the mean basal area of each stand which 
was calculated based on the 10, 20, and 30 BAF inventories that were done.  
 
 
Figure 2. STAND VOLUME PER ACRE. This graph plots the mean wood volume of a stand in cubic feet 
per acre separated by stand and by BAF.  
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Figure 3. STAND TREES PER ACRE. This stand chart presents the calculated trees per acre in 
accordance with each stand.  
 
 There were no observable trends which appeared on the differences for trees per 
acre regardless of BAF used. Additionally, there is not any observable pattern in terms of 
some stands have greater of fewer trees per acre than others. Overall, trees per acre 
showed high variability and few not variable points. 
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TABLE 1: TIMED PLOTS (STAND 3) 
Plot # BAF 10 
(seconds) 
BAF 20 
(seconds) 
BAF 30 
(seconds) 
25 545 196 150 
24 546 496 192 
20 318 100 75 
14 744 590 550 
15 324 209 157 
Sum 2477 1591 1124 
Mean 495.4 318.2 224.8 
SD 178.7 212.1 186.7 
SE 79.9 94.9 83.5 
 
In Table 1, the timed plots are displayed. Running a two-way ANOVA against 
both plot and the BAF used, both show significance. This is not entirely expected for the 
plots, as the plots are all within the same stand. One would expect plots within a stand to 
show the same information, however, when looking at the tree count of these different 
plots, there is a clear difference between the trees tallied at each plot. This likely has 
caused the differences between the timed plots to become more apparent. The BAF used 
also showed significance on this test. There is a trend at each plot tests, sums, and mean. 
The data shows that the 10 took the longest, 20 took the send longest, and 30 took the 
shortest amount of time. Looking at the means, on average the 10 BAF took 177 seconds 
longer than the 20 and the 20 took 93 seconds longer than the 30. The difference between 
the 10 and 30 was measured at 270.8 seconds. This time difference is about what would 
be expected. With the smaller BAF size guaranteeing more trees will be calculated, the 
time would increase with the smaller BAFs. Despite this, there is a smaller difference 
between the 20 BAF and 30 than the difference between the 10 and 20. 
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The next factor to consider between the BAFs is the standard error, as seen in 
Figures 4, 5, and 6. The observable trend for the standard error is that it the smaller BAF 
correlates with smaller standard of error across volume, basal area, and trees per acre, 
however, this is not always the case. 20 had the smallest range in terms of standard error, 
while 30 had the largest for both volume and basal area (Figures 4 and 5). This means 
that in some stands, there were cases of the 30 having a lower standard error than the 20 
did. Looking at Figure 8, the trees per acre standard errors did not follow the same trends 
as the Basal area nor volume. In this instance, the trees per acre BAF size and standard 
error correlation is much clearer. The minimum as well as the maximum percent for 
standard error increased with the BAF size. 
  
Figure 4. Standard Errors of Basal Area per Stand.  
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.  
Figure 5. Standard Errors of Basal Area per Stand. 
 
Figure 6. Percent Standard Error of Trees Per Acre 
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TABLE 2: EFFICENCY OF EACH BAF ON STAND 3 
BAF 10 20 30 
Average 
Time 
(Seconds) 
495.4 318.2 224.8 
Percent 
Standard 
Error 
23.45 30.28 31.41 
Efficiency 0.155 0.22 0.305 
 
 
 The efficiencies for the timed plot can be seen displayed on Table 2. What the 
efficiency effectively shows is how many percentage points of accuracy are 
accomplished for each second of data collection that is done, using each prism. Looking 
at this, 30 has the highest efficiency, with 10 being the lowest. This suggests that while 
30 may have a higher standard error, the time investment per point of accuracy is better.  
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Figure 7. Species Area Curve. 
 
This graph shows the species area curves for the 10, 20 and 30 BAF prims based on the 
number of plots taken. The curve shown is logarithmic. While the 10 and 20 are mostly 
similar, with 10 only having 1 more species total. 30 is shown as having lower overall 
species and plateaus much sooner than other BAFs being used.   
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The following figures (Figures 8, 9, 10, 11, and 12) all display species distribution 
by basal area. Figure 8 displays certain species, such as red spruce (Picea rubens), are not 
included in this stand’s measurements unless a 10 BAF prism is used. Additionally, the 
basal area of the stand that is white pine become more pronounced when the 30 BAF 
prism is used. A similar observation can be made when looking at stand C. In this 
instance, the black ash (Fraxinus nigra) e 30 factor prism is used. Additionally, white 
cedar (thuja occidentalis) is missing from the completed inventory (Figures 10 and 12). 
Stand E shows an absence of paper birch (Betula papyrifera), red maple (Acre rubrum), 
and white cedar (thuja occidentalis) (Figure 12). 
 
Figure 8. Species Area Distribution of Stand A. This chart show the basal area per acre of each species of 
each stand as determined by the 10, 20, and 30 BAF prisms.  
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Figure 9. Species Area Distribution by Stand B. 
 
 
Figure 10. Species Area Distribution by Stand C.  
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Figure 11. Species Area Distribution by Stand D.  
 
 
Figure 12. Species Area Distribution by Stand E..  
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The following graphs display Forest Vegetation Simulator Online (FVSonline) 
runs (Figures 13, 14, 15, 16 and 17). The cubic volume projections, shown over the 
course of 100 years. In Stand A it can be observed that the projections follow a similar 
path over the course of the projection (Figure 13). It can also be observed that while the 
10 and 20 BAF inventories stay close together, the gap between them and the 10 widens 
over the course of the projection. Stand B also shows the stand projections for volume 
diverging over time (Figure 14). Stand C has the 30 BAF inventory increase above the 20 
and 10 inventories, despite starting lower. Additionally, it can be observed that despite 
the ending point of the 10 BAF inventory being lower, its gap from the 20 has increased. 
(Figure 15). Stands D and E follow similar patterns, of having the three projections 
diverge over time, with the 10 and the 20 stating closely together. (Figures 16 and 17). 
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Figure 14. Forest Vegetation Simulator Online Volume Projections of Stand B. 
 
Figure 15. Forest Vegetation Simulator Online Volume Projections of Stand C. 
0
2000
4000
6000
8000
10000
12000
14000
16000
20
20
20
30
20
40
20
50
20
60
20
70
20
80
20
90
21
00
21
10
21
20
Vo
lu
m
e 
Fe
et
3/
ac
re
Year
Stand B
10
20
30
0
1000
2000
3000
4000
5000
6000
7000
8000
20
20
20
30
20
40
20
50
20
60
20
70
20
80
20
90
21
00
21
10
21
20
Vo
lu
m
e 
Fe
et
3/
ac
re
Year
Stand C
10
20
30
22 
 
 
Figure 16.Forest Vegetation Simulator Online Volume Projections of Stand D. 
 
Figure 17. Forest Vegetation Simulator Online Volume Projections of Stand E. 
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CHAPTER IV 
DISCUSSION 
The first level of measurements shown was how the different BAFs effected stand 
level measurements. With the data for trees per acre, volume, and basal area per acre all 
being determined as non-significant, it must be accepted that the BAF used did not have 
statistical significance on the output of the inventory. This is what one would have 
expected, theoretically, the increased amount of tally trees of the smaller BAF prisms was 
offset by the calculations which were run. There does not seem to be any general trend in 
either direction. First, basal area and volume almost follow the exact same ratio between 
BAFs on a stand level, meaning the basal are and volume measurements following the 
same basic trend. This makes sense when because basal area and volume of trees are 
closely tied, however, volume would account for species whereas basal area will not. 
Trees per acre also followed this trend, however, it did not show that there was 
significance across the different stands. This is probably because most of the forest had 
diverse age classes apart from the white pine stand (stand A). 
Looking at the standard error, the differences between the BAFs used becomes 
more apparent. The general trend seemed to be that the smaller BAF had smaller standard 
error than the bigger BAF did. This was true for most stands, with the exception of stand 
D, in which each plot had the same number of tally trees with the 30 BAF prism, 
resulting in very low standard error for the basal area per acre, but high standard error for 
the trees per acre. Another interesting result of this stand was the fact that the 10 BAF 
prism has the largest standard error. This stand was unusual, as it had patches and streams 
24 
 
throughout the stand that were hard to avoid. The stand was also very with more shallow 
soils, which could have been a reason for why the this occurred. In this stand, it is also 
very possible that the 10 BAF prism was able to sample a high amount of trees on one 
plot and not many on the next. Also, there is a large amount of regeneration in this area, 
which may have influenced the results by causing non-detection error. This is where the 
growth in the understory block tree stems from being measured using a wedge prism.  
Continuing to look at standard error, the “cleanest results”, meaning had the 
lowest average standard error across the 3 different BAFs was the white pine shelter 
wood stand. This stand is was heavily managed and is likely due for and an overstory 
removal. Despite this, it served as an excellent stand to collect data from with plenty of 
sample trees to be measured. Additionally, the homogeneity of the stand may have also 
contributed to this, as the trees are likely growing at similar rates and thus have similar 
expiation factor.  
Another anomaly appears with stand E. This stand is a forested wetland area, 
which may be the reason behind the results of this stand. The forested wetland had many 
trees in the area clumped together along the banks of what could have been dried up 
streams, vernal pools, and other spring and summer aquatic features. This means the 10 
BAF prism likely caught a couple “patches” of dense trees on some plots and not others, 
while the 20 and 30 did not, meaning the standard deviation and thus the standard error 
was increased. This stand was also under sampled due to low value and being mostly 
inoperable for forest operations. 
The next item to discuss is the timed plots which were measured on this stand. 
The timed plots trend followed closely to what one would expect, given that each tree 
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takes a certain number of seconds to measure, and the smaller BAF means measuring 
more trees and thus more time. This trend was mostly true, however, the difference 
between the 20 and the 30 BAF prisms where closer together in terms of the standard 
error and time, than the 10 and the 20. Given the conditions of the property, seeing as the 
“general rule” is to get about 4-8 trees per plot, this is an interesting result. Looking at the 
tree tallies for stand three, both the 30 and 20 factor prisms resulted in that with 4.2 and 6 
respectively. The 10-factor prism surpassed this recommendation by 2 with an average of 
10 trees per plot. This mean also as a greater difference from the 6 than the 4.2 does.  
Assuming that the desired output of a forest inventory is the accuracy of the 
inventory, we can look at how many seconds go into each percent of accuracy for a given 
prism based on this data (Table 2). Looking at this, it may be easy to assume that the 30 
is the go-to, as it has the least time investment for each point of accuracy. While this may 
be desirable, the way in which would need to improve the accuracy would be to increase 
the number of plots. This would likely increase the travel time, as these measurements are 
only effective for inside a plot. Additionally, it is not as though at each plot, one can 
“summon” more trees. Rather this must be looked at as if the target accuracy is 
achievable given the input, in this case time. For example, if a crew had a target accuracy 
of 75%, they would likely want to use a 10 BAF prism based on this data, and from there 
they can determine if they have enough time to do so.  
Looking at the different stand projections done in FVS, it can be seen how 
generally, as time goes on the discrepancies between the different BAFs’ projections 
seems to increase. This is likely due to the fact that the variation between BAFs becomes 
amplified, as these projections use what trees are currently present on the property to 
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anticipate what the future stand conditions will look like. This is not always the case, 
however. Looking the projections for stand C, there are instances of lower volume 
estimates surpassing higher ones. This is likely due to the fact that that lower initial 
volume means lower density and more growing space. This could also change based on 
species present, as different species grow at different rates. 
Furthermore, there are other trade-offs to consider like species captured. There is 
a pretty noticeable trend in the data that certain species are only captured with the smaller 
prism sizes. For example, in stand A, the red spruce is not tallied in the 20 nor 30, but 
only the 10. This occurs again with the white cedar in stand C and paper birch in stand 3. 
Additionally, the 30 prism does not capture a yellow birch in stand 4. Looking at the 
species area curve for each, it is apparent that more samples would have to be collected 
for both the 20 and the 30 for them to capture the same number of species as the 10. 
While the 10 BAF survey boasts a max of 10 species, there are certain species which are 
entirely not represented by the 20 and 30 prisms.  
This suggests species is an important aspect to consider. The stand could have 
missed a species which is present sporadically throughout a stand, as was the case for 
black ash and white cedar throughout this property. If these trees are desirable, but go 
unmeasured, this could be a problem later. In this case, black ash is under threat of being 
attacked by emerald ash borer, so it may be important for a management plan to consider 
detection and protection measures. On other side of this issue, however, is that a tree 
measured only occurs once or twice throughout a stand, the survey with smaller BAF 
prisms will have an increased likelihood of measuring those trees and causing over 
representation.  
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CHAPTER V 
CONCLUSIONS 
 Overall, there are a few things that can be assumed. When formulating an 
inventory, it is unlikely that the BAF used will result in an overall increase or decrease in 
the stand level values measured but could result in increased variability between plots. 
Additionally, while this study did not show statistical significance between BAFs, it does 
have practical significance. The factors such as time, standard error, and standard error 
are influence by BAF. It should also be noted that the stands that were used in this study 
might not be representative all of conditions in Maine, but do capture a type of stand 
which is common. 
 To recreate this study, it may be useful to expand the BAFs used. Including a 5 
and a 15 BAF, which are sometimes used, may be useful for exploring how more subtle 
differences between BAFs. It may be more useful to expand this study to more stand 
types throughout the northeast as well. While this study included mostly spruce fir with 
some maple, it also included a white pine shelterwood. While this is common in the 
northeast, there are many stands which are planted and managed with more focus on 
growth spruce. Looking at how BAFs vary across several age classes, for example, a 20, 
40, and 60-year-old spruce stand may be useful. Additionally, including some hardwood 
stands may be useful as well. Comparing BAFs on a plantation may be useful results, as 
it may be a more “sterile” to see what this study could look like with lower variability. To 
improve the results of this study, it would be favorable to increase the number of samples 
28 
 
collected. This would hopefully decrease the error in addition to increases species count 
and make the distribution more accurate. 
 Another factor to consider is recreating full inventories and comparing those 
results. Often, inventories will adjust the plots and BAF to meet a targeted standard error. 
It may be useful for a study to compare three full inventories, as this would more 
accurately reflect how professional inventories are done.  
 In terms of sources of error, there are a few that could have occurred. First, human 
error is factor, including the measurements and calculations. Certain plots may have been 
redone due to the plot centers being mis located, which may have adversely affected the 
evenness in which the plots were distributed. Additionally, “trick trees”, trees which 
bottoms are covered by brush, may not have been measured or included due to not being 
measured. Furthermore, while the timed plots were being timed, there also could have 
been bias from the result of the repeated tree measurements being done in repetition. Bias 
also may have occurred due to the timed plots only occurring in one type of stand.  
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APPENDIX A 
SUPPLEMENTAL TABLES  
Table 3: Percentages of Standard Error 
STAND BAF VOLUME BASAL 
AREA 
VBAR TPA 
TOTAL 10 10.26 9.08 2.36 10.19 
2.00 10 6.10 6.93 2.83 20.12 
3.00 10 23.74 23.45 3.10 27.62 
4.00 10 11.53 11.66 3.19 17.54 
5.00 10 27.07 27.74 1.61 26.58 
6.00 10 21.28 19.23 2.97 15.69 
TOTAL 20 12.26 10.83 4.60 12.62 
2.00 20 11.10 11.55 3.53 27.01 
3.00 20 34.13 30.28 4.93 35.53 
4.00 20 12.62 13.85 9.01 22.95 
5.00 20 21.48 22.53 2.78 17.42 
6.00 20 14.01 15.38 3.78 31.84 
TOTAL 30 14.64 13.44 7.04 15.65 
2.00 30 11.76 14.73 4.13 35.17 
3.00 30 33.75 31.41 4.75 33.84 
4.00 30 16.51 17.11 12.34 26.39 
5.00 30 3.88 0.00 3.88 34.69 
6.00 30 61.21 57.74 50.55 51.85 
 
Table 4. Two-Way Anova Tests 
Measurement  Source DF Sum Sq Mean Sq F value P value 
BAPA Stand 4 90185 22546 10.388 1.07E-06 
BAPA BAF 2 3975 1987 0.916 0.405 
BAPA Stand:BAF 8 10904 1363 0.628 0.752 
Volume Stand 4 98007561 24501890 21.22 1.36E-11 
Volume BAF 2 3042514 1521257 1.318 0.274 
Volume Stand:BAF 8 7124706 890588 0.771 0.629 
TPA Stand 4 19730 4933 0.182 0.947 
TPA BAF 2 9419 4710 0.174 0.841 
TPA Stand:BAF 8 58292 7287 0.269 0.974 
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APPENDIX B 
PHOTOGRAPHS OF THE STUDY AREA
 
Figure 18. Photograph of Stand A 
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Figure 19. Photograph of Stand B 
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Figure 20. Photograph of Stand C 
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Figure 21. Photograph of Stand D 
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Figure 22 Photograph of Stand E 
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APPENDIX C 
SPECIES CODES 
Species Code  Latin Name     
Black Ash BA  Fraxinus nigra     
White Pine WP  Pinus strobus     
Red Spruce RS  Picea rubens     
White Spruce WS  Picea glauca     
Balsam Fir BF  Abies balsamea    
White Birch PB  Betula papyrifera    
Yellow Birch YB  Betula alleghaniensis    
Red Maple RM  Acer rubrum     
Sugar Maple SM  Acer saccharum    
White Cedar WC T huja Occidentalis    
Beech BE  Fagus grandifoliaSpecies Codes  
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APPENDIX D 
MAPS OF THE STUDY AREA 
 
Figure 23: MAP OF STUDY AREA (note that this is not a valid survey and is not a 
representation of property boundaries) 
 
Figure 24: Sample Points 
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APPENDIX E 
COLLECTED DATA AND FORMULAS 
 
Table 5. Collected Data 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
A 9 WP 12.1 10 0.79852  
A 9 BF 6 10 0.196344  
A 9 WP 7.6 10 0.315023  
A 9 WP 9 10 0.441774  
A 9 WP 16.2 10 1.431348  
A 9 WP 7.1 10 0.274936  
A 9 WP 11.1 10 0.671987  
A 9 WP 15.5 10 1.310324  
A 9 WP 7.2 10 0.282735  
A 9 WP 13.3 10 0.964758  
A 9 WP 16.7 10 1.521066  
A 9 WP 10.5 10 0.601304  
A 9 WP 14.7 10 1.178555  
A 9 WP 12.2 10 0.811773  
A 10 WP 15.5 10 1.310324  
A 10 WP 14.8 10 1.194644  
A 10 WP 11.8 10 0.759415  
A 10 WP 18.1 10 1.786785  
A 10 WP 15.1 10 1.243567  
A 10 WP 7.7 10 0.323368  
A 10 WP 19 10 1.968894  
A 10 WP 18.6 10 1.886866  
A 10 WP 13.7 10 1.023661  
A 10 WP 17.3 10 1.632328  
A 10 WP 18.6 10 1.886866  
A 10 WP 20.2 10 2.22545  
A 10 WP 12 10 0.785376  
A 11 WP 17.9 10 1.747516  
A 11 WP 8.8 10 0.422358  
A 11 WP 15.5 10 1.310324  
A 11 WP 13.6 10 1.008772  
A 11 WP 18.9 10 1.948223  
A 11 WP 20.1 10 2.203471  
A 11 WP 15 10 1.22715  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
A 11 WP 20.3 10 2.247539  
A 11 BF 5.9 10 0.189854  
A 11 RS 17.8 10 1.728045  
A 12 WP 13.6 10 1.008772  
A 12 WP 12.5 10 0.852188  
A 12 WP 11.8 10 0.759415  
A 12 BF 6.3 10 0.216469  
A 12 WP 17.6 10 1.689431  
A 12 WP 14.3 10 1.115288  
A 12 WP 12.8 10 0.893583  
A 12 WP 12.6 10 0.865877  
A 12 WP 12.1 10 0.79852  
A 12 WP 15.2 10 1.260092  
A 12 WP 10.2 10 0.567434  
A 12 WP 15.4 10 1.293471  
A 12 WP 15.7 10 1.344356  
B 14 RS 12.9 10 0.9076  
B 14 RM 12.7 10 0.879676  
B 14 BF 6.2 10 0.209652  
B 14 BF 6.1 10 0.202943  
B 14 BF 5.6 10 0.171037  
B 14 BF 4.9 10 0.130951  
B 14 BF 7.8 10 0.331821  
B 14 BF 7.3 10 0.290644  
B 14 RS 13.5 10 0.993992  
B 14 BF 7 10 0.267246  
B 14 WP 19.1 10 1.989674  
B 14 RS 9.7 10 0.513167  
B 14 RS 13.8 10 1.03866  
B 14 WP 22.5 10 2.761088  
B 14 WP 23.2 10 2.935561  
B 14 WP 17.4 10 1.651253  
B 14 BF 6.7 10 0.24483  
B 14 RS 13.5 10 0.993992  
B 15 RS 12.3 10 0.825136  
B 15 RS 16.6 10 1.502904  
B 15 BF 4.9 10 0.130951  
B 15 RM 10.2 10 0.567434  
B 15 RS 15.5 10 1.310324  
B 15 WP 24 10 3.141504  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
B 15 RS 14.25 10 1.107503  
C 16 BF 4.5 10 0.110444  
C 16 BF 5.8 10 0.183473  
C 16 RM 8.4 10 0.384834  
C 16 RS 12.3 10 0.825136  
C 16 BF 6.1 10 0.202943  
C 16 RM 8.7 10 0.412813  
C 16 RS 7.9 10 0.340384  
C 16 WP 11.7 10 0.746598  
C 16 RS 7.4 10 0.298661  
C 16 RS 7.1 10 0.274936  
B 20 PB 10.2 10 0.567434  
B 20 BF 8.4 10 0.384834  
B 20 PB 9.9 10 0.534547  
B 20 PB 10 10 0.5454  
B 24 RS 17.3 10 1.632328  
B 24 RM 10.7 10 0.624428  
B 24 RM 10.6 10 0.612811  
B 24 PB 7 10 0.267246  
B 24 SM 8.1 10 0.357837  
B 24 RS 8.3 10 0.375726  
B 24 RS 6.1 10 0.202943  
B 24 RM 9.5 10 0.492224  
B 24 RM 5.9 10 0.189854  
B 24 RM 7.9 10 0.340384  
B 24 RS 14.3 10 1.115288  
B 25 BF 9.5 10 0.492224  
B 25 PB 10.4 10 0.589905  
B 25 BF 5.5 10 0.164984  
B 25 SM 9.3 10 0.471716  
B 25 BF 6.9 10 0.259665  
B 25 BF 9.8 10 0.523802  
B 25 RM 11.9 10 0.772341  
B 25 RM 10.7 10 0.624428  
B 25 BF 9.6 10 0.502641  
B 25 BE 9.8 10 0.523802  
C 28 RM 7.3 10 0.290644  
C 28 BF 6.5 10 0.230432  
C 28 RM 5.6 10 0.171037  
C 28 BF 4.6 10 0.115407  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 28 BF 4.7 10 0.120479  
C 29 RS 16.2 10 1.431348  
C 29 RS 4.7 10 0.120479  
C 30 RS 8.2 10 0.366727  
C 30 RS 7.5 10 0.306788  
C 30 RS 7.2 10 0.282735  
C 30 RS 5 10 0.13635  
C 30 RS 6.8 10 0.252193  
C 30 RS 4.9 10 0.130951  
C 30 RS 4.9 10 0.130951  
C 30 PB 7.6 10 0.315023  
C 30 RS 4.9 10 0.130951  
C 31 BF 10.8 10 0.636155  
C 31 RS 5.2 10 0.147476  
C 31 RS 6.6 10 0.237576  
C 31 RS 6 10 0.196344  
C 31 PB 6.1 10 0.202943  
C 31 RS 8.9 10 0.432011  
C 31 RS 5.8 10 0.183473  
C 32 BF 5.1 10 0.141859  
C 32 BF 7.9 10 0.340384  
C 33 RS 10.6 10 0.612811  
C 33 BF 6.4 10 0.223396  
C 33 RS 10 10 0.5454  
C 33 RS 10.4 10 0.589905  
C 33 BF 8.3 10 0.375726  
C 33 BF 5.5 10 0.164984  
D 34 BF 7 10 0.267246  
D 34 BF 7.1 10 0.274936  
D 34 BF 8.6 10 0.403378  
D 34 RM 10.9 10 0.64799  
D 34 YB 7 10 0.267246  
D 34 RS 9.9 10 0.534547  
D 34 RS 11.7 10 0.746598  
D 34 BF 13.7 10 1.023661  
D 34 RM 12.3 10 0.825136  
D 34 RM 8.7 10 0.412813  
C 35 RS 12.8 10 0.893583  
C 35 RM 15.7 10 1.344356  
C 35 RS 15.3 10 1.276727  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 36 RS 14 10 1.068984  
C 36 RM 14.5 10 1.146704  
C 36 BF 6.9 10 0.259665  
C 36 RS 6.8 10 0.252193  
C 36 BF 5.8 10 0.183473  
C 36 BF 6.8 10 0.252193  
C 37 BF 7.9 10 0.340384  
C 37 RM 9.6 10 0.502641  
C 37 BF 7.8 10 0.331821  
C 37 BF 5.7 10 0.1772  
C 37 RS 14.1 10 1.08431  
C 37 BA 5.6 10 0.171037  
C 37 PB 10.6 10 0.612811  
C 37 RM 14.3 10 1.115288  
C 37 BF 6.1 10 0.202943  
C 37 BF 5.1 10 0.141859  
C 37 RS 11.6 10 0.73389  
C 37 BF 7.6 10 0.315023  
C 39 WP 10.5 10 0.601304  
C 39 WP 10.2 10 0.567434  
C 39 WP 11.6 10 0.73389  
C 39 WP 10.1 10 0.556363  
C 39 BF 6.3 10 0.216469  
C 39 WP 13.5 10 0.993992  
C 40 BF 4.9 10 0.130951  
C 40 RS 15 10 1.22715  
C 40 BF 7.1 10 0.274936  
C 40 BF 7.7 10 0.323368  
C 40 RS 9.9 10 0.534547  
C 40 RS 7.9 10 0.340384  
C 40 RM 6 10 0.196344  
C 40 WP 18.6 10 1.886866  
C 40 WP 20.1 10 2.203471  
C 41 PB 12.5 10 0.852188  
C 41 RS 15.8 10 1.361537  
C 41 BF 6.9 10 0.259665  
C 41 BF 6.1 10 0.202943  
C 41 RM 15.4 10 1.293471  
C 42 RS 12.6 10 0.865877  
C 42 RS 13.1 10 0.935961  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 42 RS 12.9 10 0.9076  
C 42 RS 7.7 10 0.323368  
C 42 WC 10.5 10 0.601304  
C 42 RS 10.2 10 0.567434  
C 43 PB 8.8 10 0.422358  
C 43 RM 11.7 10 0.746598  
C 43 PB 9.2 10 0.461627  
C 43 PB 6.9 10 0.259665  
E 44 BF 9.7 10 0.513167  
E 44 YB 14.6 10 1.162575  
E 44 BF 9.7 10 0.513167  
E 44 PB 5.6 10 0.171037  
E 44 BF 7.7 10 0.323368  
E 44 RM 7.6 10 0.315023  
E 44 RM 9.8 10 0.523802  
E 45 WC 15.4 10 1.293471  
E 45 YB 14.7 10 1.178555  
E 45 RS 6.8 10 0.252193  
E 45 YB 9.4 10 0.481915  
E 45 BF 6 10 0.196344  
E 45 RS 22 10 2.639736  
E 45 WC 13.6 10 1.008772  
E 45 RS 12.4 10 0.838607  
E 45 BF 6.8 10 0.252193  
E 45 BF 9 10 0.441774  
E 45 BF 5.1 10 0.141859  
E 45 BF 7 10 0.267246  
E 46 BF 7 10 0.267246  
E 46 YB 9.9 10 0.534547  
E 46 BF 7.8 10 0.331821  
E 46 BF 6.7 10 0.24483  
E 46 BF 6.3 10 0.216469  
E 46 BF 8.5 10 0.394052  
E 46 BF 6.5 10 0.230432  
D 47 RS 10.2 10 0.567434  
D 47 RS 14.9 10 1.210843  
D 47 RS 4.7 10 0.120479  
D 47 RS 6 10 0.196344  
B 15 WP 24 20 3.141504  
B 15 RS 15.7 20 1.344356  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
B 15 RS 14.25 20 1.107503  
B 15 RM 10.2 20 0.567434  
B 14 RM 12.7 20 0.879676  
B 14 RS 12.9 20 0.9076  
B 14 BF 6.2 20 0.209652  
B 14 WP 6.6 20 0.237576  
B 14 WP 19.1 20 1.989674 80 
B 14 WP 22.6 20 2.785685 83 
B 14 RS 13.4 20 0.97932 58 
B 14 RS 9.7 20 0.513167  
B 14 WP 23.5 20 3.011972  
B 25 BF 9.6 20 0.502641  
B 25 BE 9.9 20 0.534547 37 
B 25 PB 10.4 20 0.589905 56 
B 25 SM 9.3 20 0.471716  
B 25 BF 9.9 20 0.534547  
B 24 PB 7 20 0.267246 65 
B 24 RS 8.3 20 0.375726  
B 24 RS 6.1 20 0.202943  
B 24 RM 9.5 20 0.492224  
B 24 RM 7.9 20 0.340384 42 
C 30 RS 8.2 20 0.366727  
C 30 RS 7.5 20 0.306788 43 
C 30 RS 7.2 20 0.282735  
C 30 RS 5 20 0.13635  
C 29 RS 16.2 20 1.431348 77 
C 28 RM 7.3 20 0.290644  
C 28 BF 6.5 20 0.230432  
C 28 RM 5.6 20 0.171037  
C 31 BF 10.8 20 0.636155  
C 31 RS 5.2 20 0.147476  
C 31 RS 6.6 20 0.237576  
C 31 RS 6 20 0.196344  
C 31 PB 6.1 20 0.202943  
C 16 BF 4.5 20 0.110444 41 
C 16 BF 5.8 20 0.183473  
C 16 RM 8.4 20 0.384834  
C 16 RS 12.3 20 0.825136  
C 33 RS 10.4 20 0.589905 42 
C 33 BF 8.3 20 0.375726  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 33 BF 5.5 20 0.164984  
D 34 BF 7 20 0.267246  
D 34 BF 7.1 20 0.274936 43 
D 34 BF 8.6 20 0.403378  
D 34 RM 10.9 20 0.64799  
D 34 YB 7 20 0.267246  
D 34 RS 9.9 20 0.534547  
D 34 RS 11.7 20 0.746598  
D 47 RS 10.2 20 0.567434  
D 47 RS 14.9 20 1.210843  
D 47 RS 4.7 20 0.120479  
E 46 BF 7 20 0.267246  
E 46 YB 9.9 20 0.534547  
E 46 BF 7.8 20 0.331821  
E 46 BF 6.7 20 0.24483  
E 46 BF 6.3 20 0.216469  
E 45 YB 14.7 20 1.178555  
E 45 RS 6.8 20 0.252193  
E 45 YB 9.4 20 0.481915 39 
E 45 BF 6 20 0.196344  
E 45 RS 22 20 2.639736  
E 44 BF 9.7 20 0.513167  
E 44 YB 14.6 20 1.162575  
E 44 BF 9.7 20 0.513167 46 
C 43 PB 8.8 20 0.422358  
C 43 RM 11.7 20 0.746598 41 
C 43 PB 9.2 20 0.461627  
C 43 PB 6.9 20 0.259665  
C 37 BF 7.9 20 0.340384  
C 37 RM 9.6 20 0.502641  
C 37 BF 7.8 20 0.331821  
C 37 BF 5.7 20 0.1772  
C 37 RS 14.1 20 1.08431  
C 37 BA 5.6 20 0.171037  
C 35 RM 15.7 20 1.344356  
C 35 RS 15.3 20 1.276727  
A 9 WP 12.1 20 0.79852  
A 9 BF 6 20 0.196344  
A 9 WP 7.6 20 0.315023  
A 9 WP 9 20 0.441774  
47 
 
Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
A 9 WP 16.2 20 1.431348  
A 9 WP 7.1 20 0.274936  
A 9 WP 12.2 20 0.811773 81.5 
A 9 WP 11.1 20 0.671987  
A 9 WP 15.5 20 1.310324 86.5 
A 12 WP 13.6 20 1.008772  
A 12 WP 12.5 20 0.852188  
A 12 WP 11.8 20 0.759415 81 
A 12 BF 6.3 20 0.216469  
A 12 WP 17.6 20 1.689431  
A 12 WP 14.3 20 1.115288  
A 11 WP 17.9 20 1.747516  
A 11 WP 8.8 20 0.422358  
A 11 WP 15.5 20 1.310324  
A 11 WP 13.6 20 1.008772 88.5 
A 11 WP 18.9 20 1.948223  
A 11 WP 20.1 20 2.203471  
A 10 WP 15.5 20 1.310324 82.5 
A 10 WP 14.8 20 1.194644 89 
A 10 WP 11.8 20 0.759415  
A 10 WP 18.1 20 1.786785  
A 10 WP 15.1 20 1.243567  
A 10 WP 7.7 20 0.323368  
A 10 WP 19 20 1.968894  
A 10 WP 18.6 20 1.886866  
A 10 WP 13.7 20 1.023661  
C 40 BF 4.9 20 0.130951  
C 40 RS 15 20 1.22715  
C 40 BF 7.1 20 0.274936  
C 40 BF 7.7 20 0.323368  
C 40 RS 9.9 20 0.534547  
C 40 RS 7.9 20 0.340384 49.5 
C 41 PB 12.5 20 0.852188  
C 41 RS 15.8 20 1.361537  
C 42 RS 12.6 20 0.865877 55.5 
C 42 RS 13.1 20 0.935961  
C 42 RS 12.9 20 0.9076  
C 42 RS 7.7 20 0.323368  
C 38 BF 4.8 20 0.12566  
C 38 RS 12 20 0.785376  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 38 RS 17.4 20 1.651253 59 
C 38 RS 5.5 20 0.164984  
C 38 BF 6.1 20 0.202943  
C 38 RS 14.6 20 1.162575  
C 38 RM 9.2 20 0.461627  
C 36 RS 14 20 1.068984  
C 36 RM 14.5 20 1.146704  
C 39 WP 10.5 20 0.601304 50.5 
C 39 WP 10.2 20 0.567434  
C 39 WP 11.6 20 0.73389  
B 20 PB 10.2 20 0.567434  
B 25 RM 11.9 20 0.772341  
B 24 RS 14.3 20 1.115288  
B 24 RM 10.7 20 0.624428  
B 14 WP 22.4 20 2.736599  
B 14 BF 5.4 20 0.159039  
B 14 RS 13.7 20 1.023661  
A 9 WP 12.1 30 0.79852  
A 9 BF 6 30 0.196344  
A 9 WP 7.6 30 0.315023  
A 9 WP 9 30 0.441774  
A 9 WP 16.2 30 1.431348  
A 9 WP 7.1 30 0.274936  
A 9 WP 11.1 30 0.671987  
A 9 WP 15.5 30 1.310324  
A 9 WP 7.2 30 0.282735  
A 10 WP 15.5 30 1.310324  
A 10 WP 14.8 30 1.194644  
A 10 WP 11.8 30 0.759415  
A 10 WP 18.1 30 1.786785  
A 10 WP 15.1 30 1.243567  
A 10 WP 7.7 30 0.323368  
A 10 WP 19 30 1.968894  
A 11 WP 17.9 30 1.747516  
A 11 WP 8.8 30 0.422358  
A 11 WP 13.6 30 1.008772  
A 11 WP 18.9 30 1.948223  
A 11 WP 20.1 30 2.203471  
A 12 WP 13.6 30 1.008772  
A 12 WP 11.8 30 0.759415  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
A 12 BF 6.3 30 0.216469  
A 12 WP 17.6 30 1.689431  
A 12 WP 14.3 30 1.115288  
B 14 RS 12.9 30 0.9076  
B 14 BF 6.2 30 0.209652  
B 14 BF 6.1 30 0.202943  
B 14 WP 19.1 30 1.989674  
B 14 RS 9.7 30 0.513167  
B 14 WP 22.5 30 2.761088  
B 14 RM 12.6 30 0.865877  
B 14 WP 23.6 30 3.03766  
B 15 RM 10.6 30 0.612811  
B 15 RS 15.1 30 1.243567  
B 15 WP 22.8 30 2.835207  
C 16 BF 4.5 30 0.110444  
C 16 BF 5.8 30 0.183473  
B 20 PB 10.2 30 0.567434  
B 24 RM 10.6 30 0.612811  
B 24 RS 8.3 30 0.375726  
B 24 RS 6.1 30 0.202943  
B 24 RM 9.6 30 0.502641  
B 25 PB 10.4 30 0.589905  
B 25 SM 9.6 30 0.502641  
B 25 BF 9.9 30 0.534547  
B 25 BF 9.6 30 0.502641  
C 28 RM 7.3 30 0.290644  
C 28 BF 6.5 30 0.230432  
C 28 RM 5.6 30 0.171037  
C 29 RS 16.2 30 1.431348  
C 30 RS 8.2 30 0.366727  
C 30 RS 7.5 30 0.306788  
C 30 RS 7.2 30 0.282735  
C 30 RS 5 30 0.13635  
C 31 RS 5.2 30 0.147476  
C 31 RS 6.6 30 0.237576  
C 31 RS 6 30 0.196344  
C 31 PB 6.1 30 0.202943  
C 33 RS 10.4 30 0.589905  
D 34 RS 9.9 30 0.534547  
D 34 RS 11.7 30 0.746598  
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Table 5 Continued 
Stand  Plot # Sp. 
DBH 
(inches) BAF 
BA per 
tree 
observed 
heights 
C 36 RS 14 30 1.068984  
C 36 RM 14.5 30 1.146704  
C 37 BF 7.9 30 0.340384  
C 37 RS 14.1 30 1.08431  
C 39 WP 10.5 30 0.601304  
C 39 WP 10.2 30 0.567434  
C 39 WP 11.6 30 0.73389  
C 40 BF 4.9 30 0.130951  
C 40 BF 7.1 30 0.274936  
C 40 BF 7.7 30 0.323368  
C 40 RS 9.9 30 0.534547  
C 40 RS 7.9 30 0.340384  
C 41 PB 12.5 30 0.852188  
C 41 RS 15.8 30 1.361537  
C 42 RS 12.6 30 0.865877  
C 42 RS 13.1 30 0.935961  
C 42 RS 12.9 30 0.9076  
C 42 RS 7.7 30 0.323368  
C 43 PB 8.8 30 0.422358  
C 43 RM 11.7 30 0.746598  
C 43 PB 9.2 30 0.461627  
E 45 YB 14.7 30 1.178555  
E 45 RS 6.8 30 0.252193  
E 45 YB 9.4 30 0.481915  
E 45 BF 6 30 0.196344  
E 46 BF 6.7 30 0.24483  
E 46 BF 6.3 30 0.216469  
D 47 RS 14.9 30 1.210843  
D 47 RS 4.7 30 0.120479  
B 14 RS 13.4 30 0.97932  
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Basal Area/acre of a plot=BAF*number of tally trees 
Volume/acre of a plot=sum of volumes on that plot 
Trees pee acre of a plot=sum of expansion factors of that plot 
Predicted height per tree (Honer) = 4.5+b1+b2/DBH 
Expansion factor= BAF/(0.005454*(DBH^2)) 
Volume (Wykoff)=DBH2/ b1+b2/height
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